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Summary
Objective: To determine the response of immature articular cartilage to both sharp and blunt trauma in terms of cell death, cell proliferation
and matrix synthesis.
Design: Blunt wounds were made with a trephine in full depth immature bovine articular cartilage explants which were cut in half through the
center of the trephine wound with a sharp scalpel to produce blunt and sharp trauma on the same explant. Explants were maintained in
culture for up to 10 days. Prior to fixation at days 2, 5 and 10, medium was supplemented with 10 µCi ml−1 35S-sulphate, [3H]-proline or
[3H]-thymidine for 24 h to assess matrix synthesis and cell proliferation. Cell death was assessed using a Live/DeadTM label.
Results: In the case of blunt wounds, a band of cell death was observed adjacent to the lesion edge. Microautoradiography demonstrated
little radiolabel incorporation and, therefore, no new matrix synthesis or cell proliferation within this region. In contrast, wounds made with a
sharp scalpel showed restricted cell death, with radiolabel incorporation adjacent to the lesion edge at all time points. This demonstrated not
only chondrocyte proliferation and new matrix synthesis at the wound margin, but also an up-regulation of matrix synthesis adjacent to the
lesion edge.
Conclusions: In terms of clinical relevance, the use of sharp precise instruments during the surgical management of cartilage defects may
be necessary to reduce cell death and promote matrix elaboration at the lesion edge in order to facilitate successful integration.
© 2003 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Introduction
There are two major biological problems associated with
articular cartilage repair. The first problem is the construc-
tion of repair tissue with the same structural and mechan-
ical properties as articular cartilage1. The second problem
is to achieve successful integration across the interface
between the host and repair tissue. Extrinsic repair strate-
gies currently employed are varied and include transplan-
tation of autogenic or allogenic chondral or osteochondral
tissue grafts2,3. Cell based transplantation methods have
also been developed using mesenchymal stem cells or
autologous chondrocytes either embedded within biode-
gradable, collagenous or artificial matrices or injected
directly into the defect and covered with a periosteal
flap4–6.
Most or all of these procedures are impeded not only by
the variable nature of the repair tissue formed but also the
uncertain nature of the tissue integration that occurs. In
part, this is due to an area of cell death adjacent to the
lesion edge of the host tissue that is not removed
biologically7–9. This region of cell death is characterized
histologically by the presence of empty lacunae and a loss
of metachromasia from the extracellular matrix
(ECM)7,10.Experimentally created defects in articular carti-
lage show a wounding response characterised by a zone of
cell death extending approximately 150 µm from the wound
edge7–9. Previously, this has been termed the zone of
necrosis but work in our laboratory has shown the nature of
the cell death that occurs at the wound site comprises both
necrosis and apoptosis, with necrosis occurring at the
mechanically compromised wound edge with a wave of
apoptosis extending into the tissue from the lesion edge10.
Behind this zone of cell death there is a zone of cellular
proliferation and altered matrix metabolism11–13. Thus, re-
pair tissue is integrating into what is effectively ‘dead
cartilage’. With passage of time this dead tissue will fatigue
and fracture leading to disintegration of the wound site4.
The pattern of cell death observed experimentally is of a
similar nature to that observed during some clinical proce-
dures7. In contrast, scarification of the tissue with a scalpel
leaves the chondrocytes at the lesion edge viable and
metabolically active14. The biological problem, therefore, is
that the cell death that occurs in response to wounding
in vitro is also likely to occur not only during mechanical
injury of the joint but also during surgical management of
the wound. It is this cell death that is likely to be a
significant hindrance to successful integration. The biologi-
cal requirements for successful long-term integration dur-
ing articular cartilage repair are only beginning to be
elucidated. In the present study we have used an in vitro
bovine cartilage explant culture system to compare and
contrast the cellular response of articular cartilage to both a
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‘blunt’ trephine wound, as previously described by Tew
et al.10 and a ‘sharp’ scalpel wound.
Materials and methods
EXPLANT CULTURE
Full depth explants (approximately 1 cm2) of immature
articular cartilage were excised from the metacarpal
phalangeal joints of seven-day-old bovine limbs. Full depth
explants were excised on the day of collection of the tissue
under sterile conditions. The explants were dissected asep-
tically using a no. 23 scalpel blade ensuring that no
calcified cartilage was excised with the tissue. The explants
were cultured in a 3:2 mixture of Dulbecco’s modified
Eagles medium and Hams F12 Nutrient Mixture with 10%
foetal bovine serum, 2 mM L-glutamate, antibiotic/
antimicotic (10 000 units ml−1 penicillin, 10 000 units ml−1
streptomycin, 25 µg ml−1 amphotericin B) and 50 µg ml−1
ascorbic acid (Sigma, Poole U.K.). All culture reagents
were obtained from Invitrogen (Paisley, U.K.) unless
otherwise stated.
Following excision, explants were incubated at 37°C and
5% CO2 for twenty-four hours to equilibrate the tissue prior
to wounding. The explants were wounded centrally with a
trephine of 1.7 mm internal diameter, from the articular
surface downwards removing a core of tissue. A scalpel cut
bisecting the trephine wound was then made with a no. 23
scalpel blade to create a scalpel wound on the same
explant (Fig. 1). Wounded explants and unwounded con-
trols were incubated for up to 10 days with media changed
every 48 h.
In order to analyse chondrocyte proliferation, the media
were supplemented with 10 µCi ml−1 [3H]-thymidine
(Amersham, Amersham, U.K.) for a twenty-four hour pulse
label prior to fixation of the tissue. Collagen and sulphated
glycosaminoglycan synthesis was analysed by supple-
menting the media with 10 µCi ml−1 [3H]-proline or 35S-
sulphate (Amersham) respectively for twenty-four hours
prior to fixation.
ROUTINE HISTOLOGY
The explants were fixed in 10% neutral buffered formal
saline (NBFS) for twenty-four hours. Before processing, the
tissue samples incubated with radiolabel were subse-
quently washed exhaustively in running tap water following
fixation to remove all unbound label. The tissue was then
Fig. 1. Diagramatic representation of the trephine and scalpel wound created in articular cartilage full depth explants. Serial cross sections,
for microautoradiography were taken firstly through the scalpel wound then the trephine wound.
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processed for routine histology through a series of graded
alcohols (70%, 95%, 100%, two changes of 20 min each),
cleared in xylene (two changes of 20 min) and embedded
in paraffin wax. Eight-micron thick sections were cut from
the wounded explant, firstly through the scalpel wound and
then through the trephine wound of the same explant
(Fig. 1), care being taken to ensure sections were taken
from the center of the wounds. Cross sections of 8 µm were
then taken from the center of the unwounded controls. The
sections were then mounted on slides and stored at ambi-
ent temperature. For immunohistochemistry, tissue was
snap frozen in n-hexane, 10 µm thick cryosections were cut
on a rotary cryostat, collected onto APES coated slides
(Raymond A Lamb, Eastbourne, U.K.) and stored at −20°C
until required.
CELL VIABILITY/CYTOTOXICITY
The LIVE/DEAD (Molecular Probes, Cambridge, U.K.)
viability/cytotoxicity kit simultaneously detects live and
dead cells15,16. It achieves this by utilizing two fluorescent
labels; calcein-AM is metabolised by living cells to produce
a green fluorescent substrate, ethidium homodimer enters
cells whose membranes have been compromised and
emits a red fluorescence. The scalpel and trephine wounds
were dissected from wounded explants and corresponding
size sections were dissected from the center of the
unwounded controls. The sections of scalpel, trephine and
unwounded tissue were then washed in phosphate buff-
ered saline (PBS), incubated individually with 1 ml PBS
containing 10 µM calcein-AM and 2 µM ethidium
homodimer at 37°C for 1.5 h, and washed again in PBS,
mounted onto slides and viewed by confocal microscopy.
AUTORADIOGRAPHY
The sections were dewaxed, and processed through two
changes of 100% alcohol, and air-dried. The slides were
then dipped in microautoradiographic emulsion, at 43°C for
5 s. The emulsion used for 35S labeled sections was LM-1
(Amersham), and EM-1 (Amersham) was used for sections
labeled with [3H]-thymidine and [3H]-proline. The slides
were then left to expose at 4°C in a light tight box for 4 days
in the case of the 35S labeled slides and 21 days in the
case of the [3H] labeled slides. The autoradiographs were
developed in D19 (Eastman Kodak, Rochester, N.Y.) for
5 min, placed in stop solution of 0.1% acetic acid for
1 min and then fixed in Kodak Unifix (Eastman Kodak)
for 10 min. The slides were then washed in slow running
tap water for 15 min and then stained with either haema-
toxylin and eosin or safranin O and haematoxylin. The
autoradiographs were then dehydrated through a series of
graded alcohols (70%, 95% and 100%), cleared in xylene
and then mounted under a coverslip with DPX (BDH,
Poole, U.K.).
QUANTITATIVE ANALYSIS OF RADIOLABEL INCORPORATION
The explants were incubated with [3H]-proline and 35S-
sulphate for a twenty-four hour pulse label prior to the day
2, 5 and 10 time-points as described above. The explants
were then washed (overnight in running tap water) to
remove any unbound label and stored at −80°C.
The scalpel wound was dissected from the explant and
5×100 µm serial sections were taken parallel to the wound
edge using a D.S.K microslicer (Polaron, Watford, U.K.).
Ten explants were used, sections from the same regions
(1–5) of the ten explants were pooled for analyses. The
pooled sections were digested with 0.5 ml papain solution
(1.72 units ml−1 papain in 0.1 M PBS pH 7.4 containing
5 mM cysteine and 5 mM sodium EDTA) at 65°C overnight,
0.5 ml of collagenase (0.406 units ml−1) was then added to
the papain digest and left at 37°C overnight on a roller.
Three 300 µl aliquots of each digest were then taken, to
which 5 ml of scintillant was added. The aliquots were then
counted using the scintillation counter (Beckman, Fullerton,
CA) calibrated to count for both the 35S isotope and the [3H]
isotope and the counts per minute (CPM) determined. The
counts per minute were to be related to tissue volume and
expressed as CPM/mm3 of tissue.
IMMUNOHISTOCHEMISTRY
Antibody COL2-3/4m is specific for an epitope on dena-
tured but not native type II collagen17,18. Cryosections of
10 µm thickness were brought to room temperature, fixed
in 10% formal saline (5 min) then washed in PBS. The
sections were then digested with 0.2 units ml−1 chondroiti-
nase ABC (Sigma) in 100 mM Tris acetate pH 8.0 (30 min).
A vectastain universal quick kit (Vector, Peterborough,
U.K.) was used for the remaining procedures, according to
the manufacturers instructions. COL2-3/4m was used at a
dilution of 1:100 in PBS10 and positive labeling was visual-
ised using a 3,3′-diaminobenzidine substrate kit (Vector).
No primary antibody negative controls were also carried
out.
STATISTICAL ANALYSIS
For the quantitative analysis of radiolabel incorporation
the mean of the results for each sample (N=10) was then
calculated. This figure was used to calculate the radiolabel
incorporation per mm3 of tissue. For analysis, the percent-
age increase in radiolabel incorporation by scalpel-
wounded tissue over unwounded tissue was calculated.
The standard deviation of the quotient was calculated and
shown on the histograms.
Results
CHONDROCYTE VIABILITY/CYTOTOXICITY
Cell death and viability in response to wounding was
assessed by uptake of ethidium homodimer (red) and
calcein-AM (green) fluorescent label respectively. In
response to the scalpel lesion, only a small number of cells
incorporated ethidium homodimer at the wound edge, with
viable cells existing immediately adjacent to the lesion
edge (Fig. 2A). In response to wounding with a trephine,
however, at all time points examined there was a band of
cell death that extended approximately 100 µm from the
wound edge (Fig. 2B).
[3H] -THYMIDINE ANALYSIS OF CHONDROCYTE PROLIFERATION
Chondrocyte proliferation was assessed by incorporation
of [3H]-thymidine after a twenty-four hour pulse label prior
to fixation. The level of incorporation was assessed by
microautoradiography on tissue fixed at day 2, day 5 and
day 10 after wounding. Inspection of the unwounded con-
trols (Fig. 3A) showed that at all time points, there were a
small number cells of the surface most cell layer that
incorporated the radiolabel. At day 2, it was also observed
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that a small number of cells in the deepest cell regions of
the explant also incorporate the label. There was no further
incorporation of [3H]-thymidine throughout the rest of the
tissue.
At day 2 post-wounding with the scalpel (Fig. 3B, D)
labeling was observed adjacent to the wound edge in the
mid zone of the articular cartilage. The same pattern of
labeling was observed at days 5 and day 10 after wounding
with a small number of cells adjacent to the lesion edge in
the mid zone incorporating the radiolabel. At day 2 post-
wounding with a trephine (Fig. 3C, E) there was labeling in
the mid zone. However, this pattern of labeling did not
occur immediately adjacent to the wound edge but lay
behind a region of approximately 50–100 µm in width of
empty lacunae and cells with shrunken nuclei as previously
described by Tew et al.10. The same pattern of radio-
label incorporation was observed at days 5 and 10 after
wounding with a trephine.
[3H]-PROLINE ANALYSIS OF COLLAGEN SYNTHESIS
A twenty-four hour pulse label with [3H]-proline prior to
fixation was used to examine changes in collagen syn-
thesis in response to wounding. Incorporation was exam-
ined by microautoradiography at days 2, 5 and 10 after
wounding. Examinations of the unwounded controls (Fig.
4A) revealed a concentration gradient of [3H]-proline incor-
poration that decreased with depth from the articular sur-
face. In the surface and mid zone regions of the tissue,
there was cellular and pericellular incorporation of [3H]-
proline along with diffuse interterritorial matrix labeling.
In the deep zone there was predominately cellular and
pericellular labeling.
At day 2 after wounding with the scalpel (Fig. 4B, D)
there was labeling of the interterritorial matrices of the mid
zone throughout the tissue and throughout the tissue depth
at the wound edge. There was also cellular and pericellular
labeling adjacent to the wound edge. This pattern of
radiolabel incorporation was also observed at days 5 and
10 after wounding. However, two days after wounding with
the trephine (Fig. 4C, E) there was no cellular or pericellular
labeling throughout the tissue depth adjacent to the lesion
edge. This band, which extended approximately 50–
100 µm from the lesion edge, was characterized by empty
lacunae and cells with shrunken nuclei. However, immedi-
ately behind this region there was an apparent increase in
incorporation of [3H]-proline into the interterritorial matrix in
the upper mid zone, and also throughout the tissue depth
behind this 100 µm band. The same pattern of labeling
was observed at days 5 and 10 after wounding with the
trephine.
35S-SULPHATE ANALYSIS OF PROTEOGLYCAN SYNTHESIS
In order to examine changes in sulphated gly-
cosaminoglycan synthesis in response to wounding, incor-
poration of 35S-sulphate was examined after a twenty-four
hour pulse label for each time point. Incorporation of the
radiolabel was assessed using microautoradiography for
qualitative analysis. The unwounded controls demon-
strated a gradient in the intensity of the radiolabel incorpor-
ation (Fig. 5A). This gradient increased with depth from the
articular surface with the deep zone showing the highest
level of incorporation. It was also observed that there was
an increase in the intensity of label incorporation with time
in culture with day 2 showing the lowest and day 10
showing the highest intensity of 35S-sulphate incorporation
(data not shown). At all time points the label had a predomi-
nately territorial matrix distribution. There was also a gradi-
ent in the intensity of the staining with safranin O that
corresponded to the pattern of 35S-sulphate incorporation
with a lack of staining in the first 1–2 cell layers at the
articular surface, and an increase in intensity with depth
from the articular surface (Fig. 5A).
At day 2 post-wounding with the scalpel (Fig. 5B, D)
there was an apparent increase in the intensity of label
incorporation at the wound edge throughout the tissue
depth, substantiated by quantitative data from scintillation
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Fig. 2. Live/Dead labeling of cross sections, showing the wound edge (WE) in the surface zone (SZ) and mid zone (MZ) of articular cartilage
two days after wounding with a scalpel (A) and trephine (B). Scale bar is 20 µm.
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Fig. 3. Cross sections showing incorporation of [3H]-thymidine in control articular cartilage explants after two days in culture (A), incorporation
is observed in the surface zone (SZ) and deep zone (DZ). Incorporation of label by explants two days after wounding with a scalpel (B) and
trephine (C). Enlargement shows incorporation of label, after wounding with a scalpel (D), localised to the wound edge (WE). Enlargement
shows label incorporation after wounding with a trephine (E). Scale bar is 50 µm, arrows indicate positive labeling, microautoradiographs
counterstained with haematoxylin and eosin.
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Fig. 4. Cross sections showing incorporation of [3H]-proline in control articular cartilage explants after two days in culture (A). Incorporation
of label by explants two days after wounding with a scalpel (B) and trephine (C). Enlargement of the surface zone (SZ) after wounding with
a scalpel (D) shows incorporation of label by cells adjacent to the wound edge (WE). Enlargement of the surface zone, after wounding with
a trephine (E), demonstrates a lack of label incorporation adjacent to the wound edge. Scale bar is 50 µm, microautoradiographs
counterstained with haematoxylin and eosin
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counting (Fig. 6). There was territorial matrix localization of
35S-sulphate, which extended to the wound edge except in
the surface zone regions. There was a lack of safranin O
staining, which extended approximately 1 cell depth in from
the wound edge throughout the tissue depth. The same
pattern of radiolabel incorporation was also observed at
day 5 and 10 post-wounding. At day 2 post-wounding with
the trephine (Fig. 5C, E) there was no territorial matrix
labeling at the wound edge extending approximately
50–100 µm from the lesion edge, throughout the tissue
depth. There was, however, an increase in the intensity of
the incorporation of 35S-sulphate into the territorial matrix
$
% &
' (
6=
6= 6=
'=
'= '=
:(:(
Fig. 5. Cross sections showing incorporation of 35S-sulphate in control articular cartilage explants after two days in culture (A). Incorporation
of label by explants two days after wounding with a scalpel (B) and trephine (C). Enlargement of the surface zone (SZ) after wounding with
a scalpel (D) shows incorporation of label by cells adjacent to the wound edge (WE). Enlargement of the surface zone, after wounding with
a trephine (E), demonstrates a lack of label incorporation adjacent to the wound edge. Arrows indicate the lesion edge. Scale bar is 50 µm
microautoradiographs counterstained with safranin O.
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immediately behind this region. There was also a lack of
staining for safranin O at the wound edge that extended
further into the tissue than the lack of staining seen with the
scalpel wound.
UP-REGULATION OF RADIOLABEL INCORPORATION
It is known that in the case of wounds where cell death is
present there is an up-regulation of synthesis behind the
band of cell death, an observation we have also made. A
critical question is whether the up-regulation is correlated
with the zone of cell death? Consequently, we analysed
matrix synthesis in the vicinity of the scalpel-made lesion
where cell death is minimized.
To assess an up-regulation of matrix synthesis in relation
to the scalpel lesion edge CPM per mm3 of tissue from
serial 100 µm vibratome sections from the lesion edge
were determined. The CPM per mm3 of tissue was then
expressed as a percentage increase in total radiolabel
incorporation by scalpel wounded tissue compared to un-
wounded controls. At both day 2 and day 5 after wounding,
there was an overall increase in radiolabel incorporation by
scalpel-wounded tissue when compared to unwounded
controls. At day 2 post-wounding the greatest increase in
radiolabel incorporation was observed within the first
200 µm of the lesion edge (Fig. 6A, B). At day 5 post-
wounding, however, this increase was restricted to the first
100 µm of the lesion edge (Fig. 6C, D).
IMMUNOHISTOCHEMISTRY
Matrix turnover at the lesion edge was assessed by
immunolabeling with the antibody COL2-3/4m, which rec-
ognizes an epitope exposed in denatured but not native
type II collagen17,18. Examination of the trephine wound
edge at days 2 and 5 post-wounding showed immuno-
labeling restricted to the very edge of the lesion. At day 10
post-wounding however, the immunolabeling was present
at the lesion edge but extended further into the tissue (Fig.
7B). The scalpel lesion, in contrast, showed no immuno-
positivity at the lesion edge at all time points examined (Fig.
7A). In addition, endogenous peroxidase activity of viable
chondrocytes was observed adjacent to the lesion edge
after wounding with a scalpel (Fig. 7A) whilst strikingly,
there was an acellular region extending 100 µm from the
lesion edge after wounding with a trephine (Fig. 7B).
Endogenous labeling was also observed within the matrix
of the prehypertrophic regions (data not shown) that was
not associated with excision of the explant from the condyle
that presumably is associated with terminal differentiation.
No positive immunolabeling was observed in the negative
controls.
Discussion
Articular cartilage has a poor intrinsic capacity for repair
with most or all repair impeded by the varying nature of the
integration that occurs between host and repair tissue. It
may be that the band of cell death at the lesion edge when
large wounds are created experimentally with drills or
gouges7,12, is a hindrance to successful integration. We
hypothesised therefore, that the use of a sharp scalpel
during surgical procedures should reduce the mechanical
stresses at the lesion edge and thus reduce cell death. We
consider, therefore, that understanding the cellular
response of articular chondrocytes to wounding with both
blunt and sharp instruments to be pivotal in achieving
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Fig. 6. Histograms showing percentage increase of radiolabel incorporation by scalpel-wounded tissue compared to unwounded controls,
with increasing distance from the wound edge up to 500 µm. Histograms show percentage increase in [3H]-proline incorporation at two days
(a) and five days (c) after wounding and percentage increase in 35S-sulphate incorporation at two days (b) and five days (d) after wounding.
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successful and predictable integration during articular
cartilage repair.
Work carried out by Tew et al.10 demonstrated cell death,
in response to wounding with a trephine, to be necrotic
immediately adjacent to the lesion edge followed by a
‘wave’ of apoptosis extending into the tissue from the lesion
edge. Ethidium homodimer is a marker of general cell
death and does not discriminate between apoptosis and
necrosis. The results shown demonstrate that trephine
wounds result in a region of cell death adjacent to the
lesion edge extending approximately 100 µm into the tissue
throughout the tissue depth, however, after wounding with
the scalpel viable cells are found immediately adjacent to
the lesion edge. This latter observation correlates with the
notion that there is less disruption of the matrix immediately
adjacent to the lesion edge when wounded with a scalpel.
Thus, there may be decrease in necrosis associated with
the initial insult and also a decrease in apoptosis mediated
by mechanical disruption of the chondrocyte-extracellular
matrix interaction19,20. Normal mature chondrocytes do not
undergo mitotic division except in response to trauma and
disease21. It has also been shown that whilst proteoglycan
depletion from the matrix does not induce chondrocyte
proliferation, disruption of the collagen architecture may do
so22. Therefore, mechanical disruption of the matrix by
wounding either with a trephine or a scalpel could be
sufficient to induce chondrocyte proliferation. Microauto-
radiography has revealed [3H]-thymidine incorporation in
both the surface layer and the basal region of articular
cartilage in control explants which, may be due to cell
cycling differences of chondrocytes within the surface
zone23 incorporation of label in the deep zone may be a
result of excision from the joint. Examination of scalpel
wounded explants showed radiolabel incorporation by
chondrocytes immediately adjacent to the lesion edge
throughout the tissue depth. Explants wounded with a
trephine however, showed radiolabel incorporation behind
the region of cell death.
Immunolocalization of the COL2-3/4m monoclonal anti-
body was used to assess matrix disruption caused by both
the trephine and scalpel wounds. The antibody recognises
an epitope on Col1(II) chains that is only available for
binding upon mechanical or enzymatic disruption of the
helix17,18. Immunopositivity was observed adjacent to the
lesion edge when explants were wounded with a trephine,
but there was little or no detectable label when explants
were wounded with a scalpel. The immunolocalization of
COL2-3/4m demonstrates matrix disruption that occurs
when immature articular cartilage is wounded with a tre-
phine that is absent when the tissue is wounded with a
sharp scalpel. The lack of collagen disruption may explain
the lack of chondrocyte proliferation further into the tissue
from the lesion edge after wounding with a scalpel22.
New collagen and sulphated glycosaminoglycan syn-
thesis was assessed by incorporation of [3H]-proline (which
labels all newly synthesised collagen of any type and at
various stages of processing24) and 35S-sulphate incorpor-
ation respectively. Microautoradiography revealed radio-
label incorporation, and thus new matrix synthesis,
immediately behind the region of cell death when explants
were wounded with a trephine. There was no new matrix
synthesis at the lesion edge. Conversely when explants
were wounded with a scalpel there was radiolabel incorpor-
ation immediately adjacent to the lesion edge. The question
remained, however, whether this was a repair response of
altered matrix synthesis or whether this was normal matrix
synthesis. The quantitative data demonstrated an up-
regulation of new matrix synthesis within 500 µm of the
lesion edge when wounded with a scalpel. Further exami-
nation revealed that this immediate diffuse repair response
of an increase in matrix synthesis became localized to the
lesion edge with time after wounding.
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Fig. 7. Images showing immunohistochemical labeling of the mid zone (MZ) of articular cartilage cross sections using the monoclonal
antibody COL 2-3/4M ten days after wounding with a scalpel (A) and a trephine (B). Arrows show wound edge, scale bar is 50 µm.
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We have shown that in response to blunt trauma there is
extensive cell death and matrix disruption adjacent to the
lesion edge, with new matrix synthesis and chondrocyte
proliferation behind this region. This response can be
viewed as a limited repair response to both the mechanical
insult and to the ensuing cell death. However, we also
demonstrate that the response to wounding by a sharp
instrument is limited cell death, chondrocyte proliferation
and up-regulation of new matrix synthesis immediately
adjacent to the lesion edge, with very little disruption of the
collagen architecture. In effect, when wounded with a
scalpel the extent of the region of cell death, as seen with a
trephine wound, decreases and the reparative response of
an increase in chondrocyte proliferation and new matrix
synthesis above normal levels shifts towards the lesion
edge. The question remains that if there is little to no cell
death and very little disruption of the extracellular matrix
when wounding with a scalpel, what is the stimulus that
causes this repair response?
The studies presented here were performed on immature
tissue. Whilst these findings cannot be directly extrapolated
to mature tissue, previous work in our laboratory has shown
that articular cartilage responds to wounding in a broadly
similar manner regardless of age10,25.
It has previously been suggested that cell death at the
lesion edge is potentially a significant hindrance to integra-
tion10. Here, we show that if the tissue is wounded with a
sharp implement, the majority of the observed cell death is
prevented. Furthermore, since we have demonstrated that
matrix secretion (and presumably turnover) occurs up to
the lesion edge, it is likely that during reparative procedures
integration into ‘living’ matrix will be facilitated. Importantly,
using sharp incisions, cell proliferation is promoted near the
wound edge where many animal studies have shown a
drastic hypocellularity1. In terms of clinical relevance it is
clear that the use of sharp precise instruments during
the surgical management of cartilage defects may be
necessary to optimally reduce cell death and promote
matrix elaboration at the lesion edge in order to facilitate
successful integration.
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